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2016 WHO Classification Scheme for  

Myeloid Neoplasms 

Chronic Myelomonocytic Leukemia      (CMML) 

Atypical Chronic Myeloid Leukemia       (aCML) 

Juvenile Myelomonocytic Leukemia      (JMML) 

MDS/MPN with ring sideroblasts and  

      thrombocytosis                (MDS/MPN-RS-T) 

MDS/MPN, unclassifiable           (MDS/MPN-U) 

Chronic Myeloid Leukemia 

Polycythemia Vera 

Essential Thrombocythemia 

Primary Myelofibrosis 

Chronic Neutrophilic Leukemia 

Chronic Eosinophilic Leukemia, NOS 

Mastocytosis  

MPNs, unclassifiable 

Acute 

Chronic 

Acute Myeloid Leukemia 

Myelodysplastic Syndromes 

Myeloproliferative Neoplasms 

MDS/MPN 

Myeloid or lymphoid neoplasms 

associated with eosinophilia and 

abnormalities of PDGFRA, PDGFRB, 

FGFR1, or PCM1-JAK2 



Features of MDS and MPN 

MDS MPN 



MDS / MPN: 

An Overlap Neoplasm 

  Proliferation 
Effective hematopoiesis 

 
          Dysplasia 
                  Ineffective hematopoiesis  
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RCMD 
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ET 
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CMML 
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MDS/MPN-RS-T 
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MDS/MPN             MDS MPN 



Some Things Shouldn’t Overlap 



2016 World Health Organization 

Classification of MDS 



MDS:  Revised International Prognostic  

Scoring System  (IPSS-R) 



2016 World Health Organization 

Classification of MDS/MPN 

Blood Marrow 

CMML-0 >1000 monocytes/ul 
<2% blasts 

Dysplasia in >1 cell 
line, 
<5% blasts 

CMML-1 >1000 monocytes/ul 
2-4% blasts 

Dysplasia in >1 cell 
line, 
5-9% blasts 

CMML-2 >1000 monocytes/ul 
5-19% blasts 

Dysplasia in >1 cell 
line, 
10-19% blasts 

Atypical CML WBC>13,000/ul 
Immature myeloids >10% 
Dysgranulopoiesis 
< 20% blasts 

Dysplasia in >1 cell 
line, 
Hypercellular, 
<20% blasts 

JMML 
(pediatric disease) 

>1000 monocytes/ul 
<20% blasts 

Dysplasia in >1 cell 
line, 
<20% blasts 

MDS/MPN-RS-T 
(RARS-T) 

Dysplasia + MPN features, 
platelets > 450,000/ul 

Dysplasia in >1 cell 
line, 
>15% ring sideroblasts 

MDS/MPN-U Dysplasia + MPN features Dysplasia in >1 cell line 



What is ‘Dysplasia’? 



 

       Blood      Marrow iron stain__ 

 Macro-ovalocytes       Ring sideroblasts 

 

      

Red Blood Cell (Erythroid) Dysplasia 
(Dyserythropoiesis) 

Red blood cell 

precursors in  

the marrow 



• Hypogranularity 

• Hypolobation 

• Hyperlobation 

• Pseudo-Pelger Huet cells 

White Blood cell dysplasia 

(Dysgranulopoiesis) 

Pseudo-pelger Huet; 
hypolobation 

Hyperlobation 

Normal neutrophil 

Hypogranularity 



• Micro/dwarf megakaryocytes 

• Hypolobation; separate nucler lobes 

• Platelets - giant, bizarre, hypogranular 

Megakaryocyte/platelet dysplasia 

(Dysmegakaryopoiesis) 

Normal megakaryocyte 

Hypolobated megakaryocyte Dwarf megakaryocytes Large, hypogranular platelets 



Monocytes in CMML 

Bone Marrow Aspirate Peripheral Blood 



Mutations in MDS/MPN 



How Certain Mutations May  
‘Tip the Scales’ Toward MPN vs. MDS 

Vainchenker Kralovics,  
Blood, 2017 



Mutational Landscape 

of MDS/MPN 

 
MDS/MPN Subtype Somatic Mutations 

CMML-0,-1, -2 TET2, SRSF2, ASXL1, RUNX1, JAK2,      

N/K-RAS 

Atypical CML  SETBP1,  JAK2, N/K-RAS, ASXL1, 

CSF3R 

JMML RAS pathway:  PTPN11, N/K-RAS, 

CBL, NF1 

MDS/MPN-RS-T SF3B1, JAK2, MPL 

Mughal et al, Haematologica, 2015 



MDS/MPN-RS-T (RARS-T): 

Mutational Pathogenesis 

From Cazzola et al, Hematology Am Soc Hematol Educ Program, 2011 



Prognosis in MDS/MPN 



Prognostic Factors in CMML 

From Cazzola et al, Hematology Am Soc Hematol Educ Program, 2011 



CMML Prognostic Model:  

Bone Marrow Blast % and WBC Count 

 
Subtype Overall 

Survival 

(Months) 

n=386 

Overall 

Survival 

(Months) 

CMML/MDS 

n=204 

Overall  

Survival 

(Months) 

CMML/MPN 

n=182 

P-value AML 

Progression 

at 2 years 

CMML-0  
<5% blasts 

n=101 

31 48 17 .03 7% 

CMML-I 
5-9% blasts 

 n= 204 

19 29 15 .008 18% 

CMML-2 
10-19% blasts 

n=81 

13 17 10 .09 36% 

*WBC ≤ vs >13,000 (CMML/MDS vs CMML/MPN) 

 

Schuler et al, Leuk Res 2015 



Itsykson et al, J Clin Oncol, 2013 

CMML Prognostic Scoring System 



Piazza R. et al, Nat Genetics 2013 

WBC (p=0.008) Hb (p=0.44) Platelets (p=0.16) 

SETBP1- = 77 months 
SETBP1+ = 22 months 
 
p=0.01, HR=2,27 

SETBP1 Mutation in Atypical CML 



Atypical CML:  Disease Course 

• The largest series of WHO-defined aCML:  55 cases from an Italian cohort.1  

 

 

• Overall median survival:  25 months compared with survivals ranging from       

14 to 30 months from 3 smaller studies.2-4  

 

 

• Transformation to AML occurred in 22 patients (40%), with a median time from 

diagnosis of 18 months in the Italian study.1  

 

 

• Predictors of shorter survival:   older age (>65 years), female gender, WBC 

count (>50x109/L), and presence of immature circulating cells.1 

 

1 Breccia et al, Haematologica, 2006 
2 Kurzrock et al, J Clin Oncol, 2001 
3 Martiat et al, Blood, 1991 
4 Hernandez et al, Ann Oncol, 2000 



Clinical Management 



Goals of Therapy in MDS/MPN 

  Cure 

 

  Reduction of symptoms / splenomegaly 

 

  Improvement of blood counts 

 

  Cytogenetic / molecular remission 

 

  Avoidance of disease progression / AML 

 

 



Common Clinical Issues in MDS/MPN 

WBC count (leukocytosis)  

and/or 

Platelet count (thrombocytosis) 

Red blood cell  count (anemia) 

MPN 

MDS 

Progression to AML 



Case 

• A 68 year-old man presents with a 6-month history of 

progressive fatigue. His CBC shows the following: 

 
• White blood cell count: 5,800/ul      (normal:  4,000-11,000/ul) 

• Hemoglobin/hematocrit:  8.4 g/dL / 27%   (normal ~ 15 g/dL; 45%) 

• Platelets:  620,000/ul             (normal:  150,000-400,000/ul) 

 

 

• A peripheral blood smear is reviewed and a bone 

marrow biopsy is performed.   



Case (continued) 

Cytogenetics:  normal 

Myeloid mutation panel:  SF3B1 & JAK2 V617F 

Diagnosis: 

MDS/MPN-RS-T 

Peripheral 
blood: 

 
Increased 
platelets 

& 
dysplastic 
neutrophil 

BM 
aspirate: 

 
increased 
clustered 

megas 

BM 
aspirate: 

 
dysplastic 
erythroids 

BM 
aspirate: 

 
ring 

sideroblasts 

From Cazzola et al, Hematology Am Soc Hematol Educ Program, 2011 



Conventional Medications for  

MDS/MPN  
 

To improve 
anemia 

 
•EPO +/- G-CSF 
•Lenalidomide 
 

 
 

 

 
 
For intermediate- to high-risk disease  
and/or concern for evolution to AML 
 
• Hypomethylating agents: 

          Azacitidine or decitabine 

• Hematopoietic stem cell transplantation 
 
 
 

 
 
 

Supportive 
Care 

 
•RBC and platelet  
 transfusions  
•Antibiotics 
•Iron chelation 
 

 
 

 

 
 

To control 
leukocytosis, thrombocytosis, 

and splenomegaly 

 
•Hydroxyurea 
•PEG-Interferon-a 
•Anagrelide 

 
 

 



Summary of Phase I/II Trials of 

Hypomethylating Therapy in CMML 

• Overall response rate: 25-70% (usually ~30-40%)1 

• Complete remission rate:  10-58% 

• Overall Survival (OS):  12-37 months 

 

Prognostic factors for OS in pts treated with azacitidine 
• Worse OS:  BM blasts >10% and WBC >13 x 109/L 2 

• Better OS:  Absolute monocyte count <10 x 109/L and PB blasts <5% 3 

 

1 Patnaik and Tefferi, Am J Hematol, 2016 
2Ades et al, Leuk Res, 2013 
3 Fianchi, et al, Leuk Lymphoma, 2013 



Transplantation in CMML 

• No randomized trials 

• Increasing use of reduced intensity conditioning 
– Other donor sources:  haploidentical; double umbilical cord units 

 

• FHCRC (n=85)1 

– 10-yr overall and relapse-free survival: 40% an 38%, respectively  

– Increasing age, higher SCT co-morbidity index, and poor-risk cytogenetics were 
associated with increased mortality and reduced relapse-free survival 

 

• EBMT (n=513; 95 pts with sAML)2 

– 4-year overall and relapse-free survival:  33% and 27%, respectively 

– In multivariate analysis, the only significant prognostic factor for survival was the 
presence of a complete remission at time of transplantation 

1Eissa H et al, Biol Blood Bone Marrow Transplant, 2011 
2 Symeonidis et al, Br J Haematol, 2015 



Targeted Therapy Considerations 

Mutation Therapy Example 

JAK2 V617F JAK inhibitor Ruxolitinib 

CSF3R T618I JAK inhibitor Ruxolitinib 

RAS pathway  
(e.g. PTPN11, RAS, CBL, NF1) 

MEK inhibitor  Trametinib 

SF3B1 TGF-B ligand trap Luspatercept 

Other splicing gene mutations  
(e.g. SRSF2) 

Splicing modulator H3B-8800 

IDH 1/2 IDH 1/2 inhibitor Enasidinib 



Consensus Response Criteria for MDS/MPN 

Savona et al, Blood, 2015 



MDS/MPN: Summary 

• Clinical, laboratory, pathology, and genetic features are used 
to diagnose MDS/MPN and its subtypes 

 

• The combination of increased WBC and/or platelet counts 
with anemia can make treatment decisions challenging; 
hypomethylating agents are commonly employed 

 

• For younger patients with higher-risk disease and an 
acceptable co-morbidity index, allogeneic HSCT is the 
preferred treatment 

 

• Searching for actionable mutations may provide opportunities 
for targeted therapy; accrual in clinical trials is highly 
recommended for these rare diseases 
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